INTRODUCTION
Early in this study of the streptomycetes wide variation was observed among cultures of individual strains not only in their pigmentation but also in their formation of aerial hyphae, sporulation and the fragmentation of their substrate hyphae (Gordon & Mihm, 1962) . Certain physiological properties, on the other hand, were shared by the parent strains and their soft fragmenting variants. Because the basic taxonomic unit (designated here by the old-fashioned term 'species') can be recognized in different ways, a search was begun for a group of relatively stable characters by which each species might be described and differentiated from the other species of streptomycetes and nocardias in our collection.
According to the criteria investigated, certain species, typified by Streptomyces fradiae, were comparatively homogeneous and distinct ; either all the strains, or nearly all the strains, gave the same reaction to each test applied (Gordon, 1967) . A distinguishing pattern of characters for recognizing S. fradiae was thus easily found. Other species were more heterogeneous, or polytypic, and were, apparently, composed of aggregates of strains with intermediate strains connecting the aggregates. S. griseus (Krainsky, I g 14) Waksman & Henrici (I 948) is an example of a polytypic species, and its composition, as represented in our collection, confirmed Pridham's (I 964) description of S. griseus as a ' species comprising many sub-species '.
On the basis of physiological properties, 46 of the 48 strains named Streptomyces griseus in the Institute of Microbiology, Rutgers, The State University, New Jersey (IMRU), collection were relatively similar and are representative of a single aggregate joined to other aggregates by intermediate strains. These 46 strains have been kept as separate strains, although some are duplicates maintained for several years in other laboratories and some are variants developed for specific purposes. The pattern of reactions by which these 46 strains can be recognized, and a list of other strains in this TMRU collection with the same pattern of characters are presented.
The 123 strains listed in Tables I and 2 and the strains examined by Gordon (1966 Gordon ( , 1967 were compared by means of observations and tests described in the same reports. In addition, the following tests were used.
Hydrolysis of hippurate. Cultures were prepared in hippurate broth (tryptone, 10 g. ; beef extract, 3 g.; yeast extract, I g.; glucose, I 8.; Na2HP04, 5 g.; Na hippurate, 10 g.; distilled water, 1000 ml.). After 6 weeks of incubation at 28O, I ml. of each culture, as free frorn clumps of growth as possible, was mixed with 1.5 ml. of 50% (v/v) sulphuric acid. The appearance of finely divided crystals in the acid mixture after 4 hr at room temperature indicated the presence of benzoic acid (Baird-Parker, 1963) . When the identity of the crystals was in doubt, their melting point was compared with that of benzoic acid.
Oxidation of glucose. The oxidative or fermentative utilization of glucose was determined by the Hugh & Leifson (1953) test. The basal medium (peptone, 2 g.; NaCl, 5 g.; K2HP0,, 0.3 g.; agar 3 g.; 0.04% (w/v) aqueous solution of bromcresol purple, 15 ml.; distilled water, 1000 ml.; pH 7.1) was tubed (7-5 ml./16 mm. diam. tube), autoclaved arid quickly cooled. Before the agar solidified, 0.5 ml. of 15 yo (w/v) aqueous solution of glucose, also sterilized by autoclaving, was added to each tube. As soon as the agar hardened, duplicate tubes were inoculated by stabbing from a 10-to 14-day culture in glucose broth; one tube was then sealed with a mixture of petroleum jelly and paraffin (paraffin, 60 % (w/w) ; petroleum jelly, 40 yo (wlw)). During the first 24 hr of incubation, some cultures had to be resealed by heating the glass around the jelly in a small flame. The cultures were incubated at 28" and observed at 7 and 28 days. A ciilture that grew both in the aerobic and the anaerobic tubes, but formed the acid cslour of the indicator only in the aerobic tube was recorded as oxidizing glucose. A culture that grew and formed the acid colour of the indicator both in the aerobic and the anaerobic tubes was recorded as fermenting glucose. A culture that grew in both tubes but did not change the colour of the indicator was recorded as not attacking glucose in the medium of Hugh & Leifkon.
Resistance to salicylate. A tube of glucose broth (peptone, 5 g.; beef extract, 5 g.; yeast extract, 5 g.; glucose, 5 g.; distilled water, 1000 ml.) and a tube of glucose broth containing 0.2% (w/v) Na salicylate were inoculated from a 10-to 14-day culture in glucose broth with a loop 2 mm. outside diameter. The tubes were examined immediately and those containing inoculum that might be mistaken for growth were replaced. Growth of the cultures was observed after 7 and 28 days of incubation at 28". This test was suggested by the method of Tsukamura (1962) .
Utilization of benizoate, lactate and oxalate. Modifications of Koser's (I 924) citrate agar were made by adding 2 g. Na benzoate, Na lactate or Na oxalate to: I g. NaCl, 0.2 g. MgSO, , 7H20, I g. (NH,) ,HPO,, 0.5 g. KH2P04, 15 g. agar, 1000 ml. distilled water, 20 ml. 0-4%, (w/v) phenol red solution. The pH value of each medium was adjusted to ensure a1 slightly acid colour of the indicator after autoclaving. Cultures on slopes of each medium were observed for the alkaline colour of the indicator after 7 and 28 days of incubation at 28". (Tables I, 2 ) grown on glycerol agar and stained by a modified Ziehl-Neelsen method were composed of short or long slender branching filaments that did not retain the carbol fuchsin. In some cultures the filament.3 were vacuolated, in others they were broken into uneven fragments or bacillary forms. Spores, when formed on the glycerol agar, appeared as spherical or oval bodies. On soil extract and Bennett agars, the colonies were densely or loosely filamentous. The substrate hyphae were extensive, fine, wavy, branching and intertwined with the substrate hyphae of adjacent colonies. The aerial hyphae varied from sparse to abundant, straight to loosely coiled, and short to long, intertwining sometimes with the aerial hyphae of adjacent colonies. The aerial hyphae of some cultures branched in clusters or whorls. During the 14-day incubation chains of bead-like spores were formed.
Macroscopically the cultures on yeast dextrose agar at 7 days were abundant and spreading and finely or coarsely wrinkled or flat. The growth was cream- ; N.J. Agr. Exp. Station * Illegitimate specific epithet. coloured, yellow, greenish yellow, olive drab or brown. Some cultures did not form aerial hyphae visible to the unaided eye; others showed patches or a thin coating of whitish aerial hyphae; still others were abundantly covered with greyish white or grey aerial hyphae. Soluble pigments were greenish yellow, greenish brown, reddish brown or red (Gordon C % Horan, 1968, pl. 2 ) .
Properties (Table 3) shared by all 46 reference strains of Streptomyces griseus, or those shared by a high percentage of the strains were : decomposition of adenine, casein, hypoxanthine, tyrosine, urea and xanthine; lack of growth at 45"; growth at 10"; survival after 8 hr at 50"; use of citrate, lactate, malate and succinate as sole carbon source; failure to utilize benzoate, mucate or oxalate; sensitivity to lysozyme and O N A N D A. C. H O R A N   ~7808, 413, 505, 506, 511, 638, 676, 712 and 713 . The IOI remaining strains of Streptomyces griseus were not tested for the form of diaminopimelic acid.
The reactions of the 77 strains listed in Table 2 are given in Table 3 , and in Table 4 these reactions are combined with those of the 46 reference strains to represent one aggregate of Streptomyces griseus. The pattern of characters of these strains is compared ( Table 4 ) with those of the strains in our collection of S. albus (Rossi-Doria) Waksman & Henrici, S. fradiae (Waksman & Curtis) Waksman & Henrici and S. somaliensis (Brumpt) Waksman & Henrici. As a group the following criteria served to differentiate this aggregate of 5 ' . griseus from the three other species of streptomycetes : decomposition of adenine, hypoxanthine, urea, and xanthine ; growth at 10" but not at 45"; use: of citrate; sensitivity to salicylate; oxidation of glucose; hydrolysis of starch; acid production from galactose, lactose, mannitol, mannose, cc-methyl-D-glucoside, trehalose and xylose ; and lack of acid formation from erythritol.
DISCUSSION
The usual practice of author citation of the name under which each strain was received was difficult to follow. After reading the available original descriptions of the species named in Table 2 , we attempted to decide whether or not each strain was representative of its original strain. Because many of the descriptions of these strains relied on variable properties, and because of human fallibility in the preparation of descriptions and in the maintenance of cultures, the task proved to be impossible. We accepted, therefore, all strains whose authenticity was not definitely challenged either by the first description or by the recognition of very different strains as representatives of the particular species. For example, a strain deposited in this collection as Nocardia madurae and subsequently found to be Streptomyces griseus was obviously not typical of N. madurae, because other very different strains are accepted as representing N . madurae .
The names of the strains in Table 2 that are followed immediately and without intervening semicolon by the name of the author(s) are regarded as synonomous with Streptomyces griseus. Some of these strains came from the author(s) of the species. Other strains whose histories cannot be traced to the describer of the species may, however, be typical of the original strains, since they were found to possess characters that do not appear to be at variance with the original species descriptions.
Strain 3347 was accepted as conforming to description of Actinomyces roseus, a-lthough previously Namyslowski (I 9 I 2) had given the name to another strain. In 1916, Chalmers Wollenweber (1920) ascribed the name to Krainsky, he gave no reference to the Krainsky work, and we have been unable to find it. Wollenweber (1920) also described and named some isolates of his own A . annulatus; in our opinion he was correctly cited by Hutter (1963) as the original author of the species name.
We are unable to give the authority for the name borne by ATCC4879, because this strain and strain 4878 were deposited in the ATCC in 1933 by S. A. Scudder and appear in the ATCC catalogue as Actinomyces candidus Petruschky (1903) . Waksman (1953) Kruger (I 809) as the author of Oospora intermedia, but Kriiger did not mention this name in his report. Wollenweber (1920) named and described some isolations of his own as 'Actinomyces intermedius (Krug.) Wr.' but did not identify Kriiger's paper. Kudrina's (I 957) and Pridham's (I 964) listing of Wollenweber as the authority for the specific epithet is therefore in accord with the rules of nomenclature.
Actinomyces saprophyticus was named by Gasperini (1892) ; later Chalmers & Christopherson (1916) assigned the same specific epithet to a species in the genus Nocardia. An authority for the transfer of either species to the genus Streptomyces was not found. A search of the literature did not reveal the author of the name and description of N . liemolytica, S. acidoresistans or S. tetanusemus. Strains labelled N. sylvodorifera and S. sylvodorifera could be traced to Castellani, but Castellani was unable to furnish the reference (personal communication), and the original characterization and naming of this species was not discovered.
Among the strains listed in Table 2 , those labelled Actinomyces sulphureus, Nocardia asteroides, N . farcinica, N. madurae, Streptomyces albus, S. lavendulae and S. somaliensis were unlike recognized strains of these species and were therefore regarded as mis-named. Strain 413 was not accepted as representing A. keratolytica because Acton I& McGuire (193 I) characterized their species as forming limpetshaped colonies, black or red in colour, with deep roots penetrating the media, and as resembling, in certain respects, cultures of A. bovis and A. madurae. ATCC 6855 was unacceptable as N. leishmani Chalmers & Christopherson (I 9 I 6), a species originally described as acid-fast by Birt Lk Leishman (1902) .
A number of the strains listed in Table 2 were previously recognized as strains of Streptomyces griseus by Baldacci & Comaschi (1956) , Benedict et al. (~g y j ) , Burkholder, Sun, Anderson&Ehrlich(1g55), Ettlinger, Corbaz & Hiitter (1958 ), Hiitter (1963 Krassil'nikov (I 949), Pridham (1964) , and others. Our findings, based mainly on different observations, support their conclusions.
The pattern of properties presented is for the identification of only one aggregate of strains of the heterogeneous species Streptomyces griseus and is not intended as a delination of the species. Strains labelled 5. coelicolor, for example, which were recognized as S. griseus by Hutter (1963) , Pridham (1964) and others, have, with three exceptions, the same pattern of characters. The three characters of strains of S. coelicolor not shared by the strains of this aggregate of S. griseus do not, however, offer a definite separation of the two groups, because other strains possess one or two of the three properties and are clearly intermediate. Other aggregates of strains of S. griseus are also represented in our collection and are bound together by inter-
